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Claim Amendments 

l?lease aniond claims 1.-4, 6, 7, 12-lb, 17-20 as follows: 
l?i«aKcc caaool claims 5 and 16 lollows: 
Ploaao add new claims 21 and 22 us follows: 
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Iiistiinq of Claims 

:i. • (currently amended) A method for lorming a copper damfascGnc 
feature wi th improved elect rlc ul properti i'^.^ includinq reducing 
moisture and c-:tchixiq r esi dues .from ri dam^irscano opcninq compri.sinq 
Lhc t;Lcp,y oi"; 

providing ?i sf?inic:onducLL)r process wafer compriisiiiy at least 
one via damascene opening .formed to extend Lhroucjh a Lhlckness of 
at icai>L one dJ.f:i.).eict rlc -irrvsn^lfitirig layer / said op ening compri uinq 
on e of r i sinqle damascene open lxio and iw-t>ve rl ying- t reyne l > lin e 
opening— encompasai-ng Liie aL .leaeit one -v4.-a- "ap ciilng — Lo form a dual 
damascene openirig; 

etching th.rough an elch slop laye.r at the aL Icatst one— v^a 
daiua jjc eno opening bottom portion to expose an underlying copper 
a rea f 

* 

t hen earrying out a sub-atmospheric DEGAS prooer-ss in-situ 
with multaneous hei=3ting of the process wafer in a hydrogen 
containing ambienl ; 

« 

t.ben c<=irrying out; an in-situ spiitter-clean process; and, 

■ . . . • 

• • • 
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Lhon lorminq a barrier l^ayer in-:iiLu Lo line the dual 
damascene open i ng . 

2. (currently amendosd) The method of clai.m 1^ furtiior comprising 
Lho isteps of: 

forming a copper fiood layer in-^sJ tu to line th« dua-l- 
d a ma s c en e open i ng ; 

carrying out an electrochcmicctl copper depoisition proccSis Lo 
fill the dual- damascene open.lng with b copper layer; and, 

carrying out a CMP process Lo' remove the copper 'layer and 
the barrier layer iibovc Lho Lrench opening level. 

3. (curi^ently amended) The method of claim 1, wherein the 
hydrogen containing ambieiiL consists esse ntiall y of hydrogen and 
at iciaist oiKo in erL gas, said ambient i"S- provided at a pressure of 
abouL 1 mTorr to about 10 Torr ta nd a hyd3:?ogen ga-3---i::ancetitrtrtriraft 

<!>i^--Tii-bot.>t-'- t o - about— vi/iLb ei remQ -arnirrg'- porLion coa.^.l.^ting 

c:i; !i< en b-i-tHHb y of inert gas * 

• • ' 

p 

9 

• . ..... 

• •».••• > • • • • . • . , . 

. • . . • 

■ . • . * ' ' '• 

> . • . • . . • . . . • 

. * • • ' • . ■ • . . * 

* ■ > * * 
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« 

4, (currently amended) The method of clciim 3, wherein Lhe 
hydrogen control ning ambient iti provided at. a pressure of about 1 
mTorr to about 4C}(} ruTorr . 

b, cancelled 

6» (currently amended) The melhod oi" claim ^, wherein the [[a] J 
sV3b-atmospheric DEGAS process; is carried out at a t«iupc-3r«"ALure 
between about 100 "C and about 500 *C. 

7, (currently amended) The mcLhod of claim .1, wherein the [[aJJ 
sub-atmoaphcric DEGAS process is carried ouL al a Lemperaturc 
between about 250 ''C and about 450 "C- 

^3. (original) The lueLliod of claim 1^ wherein tiio isub-almospheric 
DEGAS process is carried out for a period of between about 20 
seconds and al->o\it 120 iseconds. 

• . * ♦ 

9- (original) The method of claim 1, wherein the barrier layer 
comprises at least one layer aeleoled from the group conKi^ting 
of refractory metaliJ, refractory metal nitrides, and iiilicided 
relraclory metal n.i.trides. 

* « « ■ 

« 

10 

• ■ * .• • • ^ • . 

■ t 
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10, (oriciinal) The method of claim 9, wherein the barrier iiiycr 
comprises al IcasL oa« layer selected from the group consisting 
of Ta, Ti, TaN, TiN, TaSiN, and TiSiN. 

11, (origln,=3l) T'he method of clalTn 1, wherein Lhe spuL Ler~-clf.:au 
p.cocotj}:i coinpriscii iiydrogon gais. 

12, (curt^ently amended) A method for .forming [[a]] copper 
dama.Tcene features in .low-K f[a]] porous dielectric 1 n; - julal:.iiig 
layer y wiUi . iinpr properties , including reduci ng 
ni oi^ture and oLchlng roalducs r:rom a damaacone opening comprising 

. blue steps of : 

* 

provldincj a iJCmiconducLor process waler cojiipriijinci at least 

one v4t^ d amascene opening formed to extend through a Lhicknetss of 

al leasL one pprgvjs inorganic low-K dielectric -i-wyi:rira-t.ing layer^ 

s aid opening comprising one o£ a single damascene ooehlna and -an 

xwerl-y-irFhg— t r e nch — ^.rtne- opanlng encpmpa3a j.ng th e at l^ast one via 

. . • , • . • 

t * * 

t^pCTixng- t-^o-'-f orm a dual damascene opening; 

etch.ing through an etch stop layer at the a- t legist on e via 
dauia>^:u,:ouo opening bottom porLion to expose an underlying copper 
■ area; ■ " • " • 

11 

■ . . ■ ■ ■ '''.'•■'••■••.■..■*'...■.,'.*..*■ 
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then carrying out jn-situ a .sub-atmospheric DKGAS process 
with simultfaneous he<=3ting of the process wafer in a hydrogen 
conhairiinq ambient; 

Lhca carrying ouL an ln-'je;iLu sputter-clean proceM;s 
comprising hydrogen gaa; and, 

LJicji iormiiig a barrier layer in--situ Lo line Lhe dual 
damascene open i ng , 

13. (currenLly amondod) The method ol cla.im J 2, further 
comprising the step?:; of: 

rorming a copper :3cod iayer in-situ to line the dual - 
damascene opening; 

■ a • • ' 

ciirryitiq out an electrochemical . copper . deposition process to 
till the daai darua^icene opening with a. copper layer; and, 

• • • ' 

carrying out a CMP process to remove .the copper layer and 
the barrier layer above the trrench opening level.- 

* • • 

• * 

12 • ■ . • ■ 
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14. (cLirrcuitly amendo?d) The method of clciim 1^, wherein the 
hydrogen coriLaiuiiig aiwl:->ioiiL con^:U.sL;:^ es.senti 1 1 v of hydrogen and 
at ieast one inexM: Qas, said ambient -i-s provided at a proi;55urc o£ 
about 1. mTorr to about 10 'l.'orr tm<!f-a--hydrogen-gti-s--xrtr iic L rail o n 
x ^ f" A ¥ tm r t — — to ab fr'tl t i' 2 0 1^ wj-.tA'y—n- • ri?:ir\ni nx nt^~ptr ± - L. ion C o r i m; l t J n <j 
esfsent iaiivy of in«rt gais . 

■ 

15, (currently arnended) 'I'he method of claim L13JJ14, wherein the 
hydroqen containing ambient is provided at a pressure of about 1 
m'l'orr to about ].0G -mTorr- 
'l 6 . r:ancftl 1 ed 

17. (LiurxonLly amended) The method of claim 12, wherein Lhe [[^i]] 
5ub-atmospheri c DKGAS process is c^irried out at- a temperature . 
between about 100 and about 500 "C. 

(currently amended) The method, of claim 12f wherein the a 

sub-atmospheric DEGAS process is carried out at a temperature 
between about 250 "C and about 450 'C. 

19. (currently, amended) The method of claim 12, wherein the aub- 
aLmofjphcric DEGAS process is carried out for a period of between 

13 

■ • 
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about 20 Kecondr-5 and about 120 secoiidii. 

20. (currenLiy amended) The method of c.l.di.m f[9] .] V^f w.her<?^in the 
barrier layer comprises at least one Tayf^r f^slected from the 
qroup consisting of Ta, Ti , 'IViN, ^J'iN, TaSiN, and TiSiN. 

21. (riow) Tlio luothud oi'. claim .1/ wherein the in-.sltu step:> 
comprising the sub-atmospheric QKGAS proc:€9.ys, the spLiLLcr-clccm 
process, ^nd the barrier Ifsyer formation procosy coinprise 

t ranijf t-?rr ing the semiconductor process wai'cj: between said 
procos-'jcij: in a conlLOlled sab-^atmospheri c ambient with reduced 
oxyqftTT levels, 

22. (new) Tlic mcLtiod oi claim 12, wherein the In-^itu steps 
comprising the sub atmospheric iDF.GAS process, the spuLLer-clean 
process, and the barrier layer formaLion process comprise 
translerring, Liio semiconductor process wafer between said 
processes in a control ]ed sub-atmospheric ambient wiLh reduced- 

* ■ « 

oxygen levels. 
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